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ABSTRACT 



It is argued that large scale angle correlations of the Cosmic Microwave Back- 
ground Radiation (CMBR) temperature fluctuations measured by Wilkinson Mi- 
crowave Anisotropy Probe (WMAP) mission may have a trace of discrete sym- 
metries of quantum gravity 

Subject headings: cosmic background radiation, large-scale structure of universe 



The standard cosmological model, the ACDM, assumes the matter to be forever ex- 
panding in utmost flat universe under the pressure of dark energy. In early Universe, before 
the recombination of electrons and protons and the formation of galaxies, the electron- 
proton plasma was assumed homogeneous. The formation of galaxies was considered as a 
consequence of gravitational instability of sm all initial density flu ctuations 5p/p ~ 10~ 5 , 
constrained by the results of WMAP mission (IHinshaw et al.ll2009l ). In post-recombination 
epoch the gas of neutral atoms became utmost transparent to photons. The CMBR, with 
the present temperature 2.7K, was no longer scattered by the matt er (except for the scat- 
tering on the free electrons of galaxies (jSunyaev and Zeldovichlll970l )). and therefore carries 
invaluable information on the early Universe. 



The ACDM model is an inflationary model, which depends on six parameters: the barion 
density f^/i 2 , the cold dark matter density Q c h 2 , a cosmological constant f£A, the spectral 
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index of fluctuations re,,, the scalar fluctuation amplitude A%>. and the optical reionization 
depth t (jj. Dunkley and Wrightl 120091 ; ID. Larson and Wrightl 120111 ). The model assumes 
a nearly Gaussian spectrum o f initial fluctuations with statistical isotropy over the sky 
(jPartridee and Wilkinson! 1 19670. Any deviation f rom isotropy would be a challenge for a 
new physics (Efetathiou 20031 ; Tegmark et al. 2003 ). 



Although up to th e recent WMAP data the ACD M model remains a good fit of the ob- 
served microwave sky (IE. Komatsu and Wrightl 1201 it ), the key feature displayed by WMAP 



1992; 



Strukov et al 



(|C. L. Bennett and Wrightll201lh and previous experiments (IBennett et al. 



1996; Smoot et al 



199 



3), is that the Universe is isotropic in the mean, but anisotropic in 



correlations. This means there are no preferable directions, but there are preferable angles of 
correlations. The observation of such anisotropy is contr-intuitive from classical physics point 
of view, but seems quite na tural in quantum me chanics, like that of the Einstein-Podolsky- 
Rosen (EPR) correlations (jEinstein et al.lll935l ). The anisotropy in angle correlations has 
been receiving constant attention since discovered (jSmoot et al.lll992l ). WMAP mission itself 
was designed to use the observed correlations of fluctuations to put narrower constraints on 
cosmological para meters after those obtaine d by the previous COsmic Background Explore 
(COBE) mission faennett et alill996l . liooih . 



Two main types of data are available to constrain the cosmological param eters: (%) 
the observed correlations in the distribution of galaxies (Peebles and Grothl 119751) ; and (ii) 
the observed correlations of the relic radiation ( C. L. Bennett and Wrightl 2011 ). The main 
instrument for the analysis of both data type remains the decomposition with respect to the 
representations of the SO (3) group of rotations in IR 3 . This means the re-point correlation 



function (t^ 1 



u 



) transforms under the spacial rotations according to the law 
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I a 



U 



u 



(1) 



where A is the matrix of 5*0(3) rotation in appropriate representation. Thus a scalar remains 
invariant under rotations; the re-point correlation function of a vector field thus transforms 
according to the direct product A. . . . A , etc. 

n times 

In the COBE and the WMAP data the full sky map was decomposed into a series of 
spherical harmonics Yj m (n), which form irreducible representations of SO (3) group in M 3 : 

oo I „ 

T(n) = a im y im (n), with a Zm = / dnT(n)Y lm (n), (2) 

1=0 m=-l •* 

where n is the unit direction vector. If the CMBR anisotropy is driven by a Gaussian random 
process with random phases and zero mean, then 



( a lm a l>m>) — CiSu'S n 



(3) 
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where Ci is the angular power spectrum. The statistical distribution of the a; m coefficients has 
been t horoughly studied by the WMA P team, with no significant deviation of the gaussianity 
found (IE. Komatsu and Wrightll201ll ). 



At large angles (low multipoles) the main attention has been paid to the quadrupole com- 



(Bennett et al. 


1996; 
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2006; 
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The pair correlator of two events separated by the angle a 

C{a) = (AT '(d) AT \0 + a)) 



(4) 



is related to the subgroup SO (2) of the rotation group SO (3). The C(a) averages over the 
orientation of the observation plane . Since first m easured by COBE the pair correlator (j3J) 
has been parametrized in the form (IWrightlll992f ) 



C (a) = A + B cos a + C M exp 



a 



2 1 



2a 2 



although the locations of autocorrelation function maxima at and ^ and the minima at 
^ and 7r suggest another parametrization fjAltaisky et al. 1996 ): 



C(a) = A + Bcos3a + C° M exp 



a 



2o< 



(5) 



where A, B, C^, a are constants. 



^ and the minimum around 



If the correlatio n function C(a) has a maximum around a 
a = |, see Fig.5 of (|C. L. Bennett and Wrightll201ll ). the obvious subgroup of 5*0(2), which 
can explain such behavior, is the group C3 of the rotations Rk = R\ = R (^) , k — 0, 1, 2: 



C 3 = {E, Ri, R\] 



(6) 



The simplest explanation of the pre sence of C3 group in the CMBR temperature fluctuations 



was give n in (Altaiskv et al.l 



1996 ). Th i s explanation is in consider ing; simplicial quantum 



gravity ( AmbjOrn and Jurkiewiczl 1992 ; Agishtein and Migdal 1992 ). which enables to de 



scribe pure gravity in a consist ent way. The solution with coupling to matter fields was 
found for two-dimensional case ( Brezin and Kazakov 199ol; Boulatoy et al. 1986 ). Starting 



from Boulatov-Ooguri lattice gravity models (jBoulatovfll992l ; lOoguri 1992), which substitute 



the integral over all possible geometries by a discrete state sum over all possible triangu- 
lations Z = ^2 T CTe~ s ^ T \ where the action S(T ) counts the number o f simplexes, the 
theory has merged into spin- foam quantum gravity (IBarett and Crandll998l ). The spin foam 
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has a natural interpretation of quantized space-time based on discrete symmetry groups 
flPerez and RovellilboOll ; ICrane et al. l l200lh . 



The assumption of the gaussianity of initial density fluctuations, being purely classical, 
is not self-sufficient. It leaves the question where from the smooth manifold of Friedmann- 
Robertson- Walker universe has originated. The formation of a smooth manifold by no means 
follows the Big Bang hypothesis. Instead, the formation of a smooth manifold should arise 
from quantum gravity models. The dynamical triangulation in these models allows for a 
smooth manifold in the limit of the infinite number of simplexes, preserving the initial 
discrete symmetries at a quantum level. 

A simple toy-model, which assumes the dynamical formation of fractal space with a 
symmetry group of s implex, which covers a <i-dimensional sphere, has been proposed in 
( lAltaisky et al.l Il996l ). The model assumes the dynamical creation of discrete geometry 
starting from a "point" Universe. An alternative model is based on the discrete symmetry 
group of curved dodecahedral Poincare space. In a curved Poincare dodecahedral space the 
spherical dodecahedrons, used as building cells, have the edge a ngles exactly whi ch may 
explain the correlation maximum observed by WMAP mission ( iLuminet et al.l 120031 ) . 



If we base on symmetry only, without any special assumptions on geometry, we ought 
to construct ra-p oint correlation fun ctions according to the general theory of group represen- 
tations, see e.g. (jHamermeshlll989l ). So the A^ matrices in ([T]) must t he matrices of a given 
representation of symmetry group. In the simplicial fractal model of lAltaisky et al.l (119961 ) 
the considered symmetry is the abelian group C3. The C3 group (J6]) has three non-equivalent 
irreducible representations T^ 2 \ T®, the characters of which are shown in Tabled] in 
Appendix. 

The representation T^- 1 ' is singlet. It describes the functions not affected by C3 trans- 
formations. Two other representations and T*- 3 -* correspond to the functions subjected 
to the left and the right phase rotations under the C3 transformations. If the functions 
Ui,Uj,Uk, ■ ■ ■ transform according to representations . . ., respectively, the n- 
point correlation function transforms according to the direct product TW gjT^ (giTW eg) 

The decomposition of the direct product into a sum of irreducible representations is 
casted in the form 

r («) g, T <P) = ® 7 rn 7 TM (7) 



with the weights m 7 is determined by standard formula ( IHamermeshl Il989l ) 

™ 7 = - ^2xlXpXp, 



P<aG 
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where g is the number of elements in the group G, Xp 1S the character of the element p in the 
representation T^ a \ For the group O3 the decomposition (J7|) has a simply- reducible form 

T (l)^ T (l) =T (1) ; T (1) 0T (2) =T (2) ) T (l) 0T (3) =T (3) ? 

T (2) T (2) = T (3) ^ T (3) g, T (3) = T (2) ^ T (3) ^ T (2) = T (l) _ (g) 

For definiteness, let us consider the field u, which transforms according to the represen- 
tation, then 

(uuu) ~ (10) 

As it follows from the (fTOl) . starting from the field with nontrivial transformation properties, 
either or T^, the singlet states, i.e., those invariant under any O3 transformation, can 
be obtained only for triple correlator (uuu), rather than for pair correlator (uu). 

The singletness of the triple correlations in ( flOj) is an interesting fact for the C n group 
is the a point subgroup of the £0(3). The other point s ubgroups of 5*0(3) r elated to 



polyhedra are nonabelian groups. In the simplicial model of (jAltaisky et al.lll996l ) the next 
to O3 hierarchic level has the symmetry group of tetrahedron Td, which includes O3 as a 
subgroup. Td comprises 3 axis of second order (O2) and also (O3) rotations R\ and R\ for 
each of four faces. T<j has 4 irreducible representations (3 one-dimensional representations: 
T l ,T 2 ,T z , and one three-dimensional, T 4 , which stand for rotations). Using the character 
table of Td group (Table |2] in Appendix), we can see that either of representations T 1 , T 2 , T 3 
yield a singlet in triple correlations, while T 4 does not. The application of (jHJ) gives the 
following decomposition table for T^: 

T (i) gj T {a) = T (a) ^ T ( 4 ) T (is) = T (4) ? a = i ; 2, 3, 4; /3 = 1, 2, 3, 

T (2) T (2) = T (3) ; T (3) T (2) = T (l) ^ T (3) T (3) = T (2) ^ ^ ^ 

T (4) ® T (4) = T (1) + T( 2 ) + + 2T^\ 

As it can be seen from multiplication table ffTTj) . if we take a field u in one-dimensional 
representati on r( 2 ) the relations (flOl) hold for tetrahedron group. This confirms the con- 



clusions of (jAltaisky et al.lll996l ) that the observed O3 extrema in pair correlations may be 



manifestations of underline Td symmetry. 

To test the presence of discrete symmetries, either O3 or Td, we can study the behavior 
of the three-point correlation functions, specially that with equal angles between the legs 
a = ^j. The deviations from singlet, possibly due to polarization, may be important to test 
the discrete symmetry of the Universe at quantum gravity stage. 



The suggested discrete symmetry may in some sense be similar to that of quantum 
chemistry of NH 3 and CH^ molecules (O3 and Td symmetry, respectively). A molecule "as 
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it is" before any measurement have no preferable direction, but then measured or participate 
in chemical reaction, the discrete symmetry is displayed. 

To stress the significance of C% symmetry we fit the recently released 7 year WMAP 
data (Fig.5 of IC. L. Bennett and Wrightl (120111 )) by the equation The result is shown in 
Fig. [TJ Clearly in the region 2ze < a < tt the decreasing behavior of the equation (J5]) better 
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Fig. 1. — Fit of the C3 symmetry assumption (Eq.8 of lAftaisky et al.l ( 119961 )) onto WMAP 
data. The solid line indicates WMAP temperature fluctuations correlation function ; the 
dashe d line shows ACDM prediction - both lines from Fig.5 of |C. L. Bennett and Wright 
( 1201 11 ). By dotted line we indicated the prediction of the equation (J5]) 



fits WMAP correlation function then the ACDM curve. 

The next desired step in study of the discrete symmetries of CMBR induced by un- 
derline quantum gravity structure would be the measurement of triple correlations (uuu) 
and comparison of the resulting function with triple correlations of galaxie s density. The 
observed pattern of galaxy clustering satisfies the hierarchic form ( IFryi I1984J ) : 



Cx\X2X3 Q{^,XlX2^,XiX3 ~l" ^,XiX2^,X2X3 ^,X\X^X2Xz) ^ 

where ^ XiXj is the pair correlator of the observe d galaxy density, with statistical estimations 
of th e Q values being in the limits 0.85 -j- 1.24 ([Peebles and Grothlll975l ; iGroth and Peebles 
1977h . 



To conclude with we would like to emphasize that the manifestation of quantum gravity 
symmetry in triple correlations is in some sense inverse to the measuring EPR correlations 
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( jEinstein et al.lll935l ). In EPR the spin correlations are measured by outside observer, in the 
CMBR studies we measure correlations from inside the Universe. In both cases there are no 
a priori arguments for ergodicity, and in both cases the measurements should be performed 
in situ. The offline measurements by separate counters may just return the mean number of 
photons from each direction. 
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Appendix 

Characters of irreducible representations of C 3 and T d groups 
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Ri 


R\ 


x (l) 
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1 


1 


x (2) 


1 


2m 

e 3 


47TI 

e 3 


x (3) 


1 


47TI 

e 3 


2m 

e 3 



Table 1: Characters of irreducible representations of the C 3 group 
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i2x(4) 
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2m 

e 3 


e 3 


x (s) 


1 


1 


47TZ 

e 3 


27TI 

e s 


x (4) 


3 


-1 









Table 2: Characters of irreducible representations of the Td group. The indices in parentheses 
denote the numbers of elements in each class 



